ABSTRACT Simian virus 40 (SV40) induces tumor (T)antigen formation, chromatin replication, and mitosis in primary mouse kidney cells arrested in Go phase of the mitotic cycle. The temporal and quantitative relation between these early virus-specific reactions led to the hypothesis that the early SV40 mRNA contains information necessary for T-antigen formation and induction of cellular DNA synthesis. To get direct experimental evidence for this hypothesis, the early strand of SV40 DNA was transcribed in vitro by Escherichia coli DNA-dependent RNA polymerase and the SV40-specific cRNA was transferred by microinjection into epitheloid cells of confluent primary mouse kidney cultures. T-antigen formation and stimulation of DNA synthesis were investigated in the recipient cells. The experimental results obtained agree with the hypothesis that T-antigen is a viruscoded protein and that the early virus-specific mRNA contains information necessary for stimulation of cellular DNA replication in the arrested cells.
The infectious agent of simian virus 40 (SV40) is the virus DNA. The manner in which the virus genes are expressed is highly cell dependent. Cells of the native host (monkey cells) support early and late viral gene expression at a high efficiency (productive infection) while mouse kidney cells are nonpermissive for SV40 (abortive infection) (1, 2) . However, the following sequence of events can be observed in both productive and abortive infected cells: (a) synthesis of early virus-specific mRNA, (b) formation of tumor (T)-antigen, (c) increase of cellular RNA synthesis, (d) induction of chromatin replication and mitosis (3) .
The temporal and quantitative relation between the synthesis of the early virus-specific RNA and the subsequent sequence of events led to the hypothesis that the early virusspecific RNA may contain information necessary for T-antigen formation and chromatin replication (3, 4) .
In the present study, we have tested this hypothesis by a more direct experimental approach. For this purpose, SV40-specific RNA, complementary to the early viral DNA strand, was synthesized in vdtro by Escherichia coli DNAdependent RNA polymerase (5) . Following thorough removal of the SV40 DNA by exhaustive DNase treatment and equilibrium density centrifugation in Cs2SO4 (6) the cRNA preparation was injected into epitheloid cells of confluent primary mouse tissue culture by our microinjection technique (7, 8) and cRNA-induced T-antigen formation and DNA synthesis were investigated. (12) and precipitated from the aqueous phase at -20°with 2 volumes of ethanol (95%) and 'Ao volumes of 1 M NaCl. To further reduce traces of any contaminating SV40 DNA, the cRNA preparation was subsequently subjected to Cs2SO4 equilibrium density gradient centrifugation (see Fig. 1 ) (6, 13 Microinjection of Nucleic Acids. Primary mouse kidney cells, prepared from 10-day-old mice (NMRI) (16) , were grown in 100-mm plastic petri dishes on small glass slides (10 X 50 mm) subdivided in squares of 1 mm2. The transfer of nucleic acids into the cells was performed under a microscope by help of glass microcapillaries (7, 8) . The capillaries, having a diameter of about 0.5 ,um at the tip, were placed in a micromanipulator (Leitz). The micromanipulator is equipped with a suction and pressure source. Unless indicated otherwise, nucleic acids were dissolved in injection buffer (0.048 M K2HPO4, 0.014 M NaH2PO4*2H20, 0.0045 M KH2PO4, pH 7.2) at a concentration of 1 mg/ml. Fig. 2 illustrates four steps of the microinjection procedure.
Preparation of Micro Glass Capillaries. The capillaries were prepared from glass tubes (SGC, Scientific Inc., 1.2 mm, 1.5 mm). The required shape and diameter of the capillary tip were obtained by melting the crude capillary at a capillary puller (made in our laboratory). Before use, the tips of the capillaries were treated with hydrofluoric acid (50% in H20 vol/vol, 2 sec) and washed two times with distilled water, ethanol, tetrahydrofuran, and dimethyldichlorsilane (0.5% in tetrahydrofuran vol/vol), again washed with tetrahydrofuran, and ethanol, and then sterilized for 4 hr at 1300 (17) . s~~d -' )ot *o, .,. The size of the cRNA was estimated by formaldehydesucrose density gradient centrifugation (18) . Under the conditions used, the complete transcription product of one SV40 DNA strand would have a sedimentation coefficient of 26 S (18) . As estimated from the sedimentation profile (Fig. 3) about 50% of the in vitro synthesized RNA corresponds at least to the length of one SV40 strand. Depending on the RNA preparation, 14-18% of the cRNA remained RNaseresistant in self-annealing experiments.
RESULTS

Induction of SV40 T-antigen formation
For microinjection experiments the cRNA preparation was not further fractionated. Only epitheloid cells from confluent primary mouse kidney cultures were used as recipient cells. The volume transferred into the cytoplasm of the cells was about 1 -2 X 10-8 ,ul per cell.
After microinjection, cells were further incubated in serum-free medium at 370 at the same conditions used earlier to study abortive infection with the complete virus (3). Cells were fixed as described (19) and the SV4O-specific Tantigen formation was tested by the indirect immunofluorescence technique (19, 20) .
In this manner, more than 10 individual RNA preparations were tested for their ability to induce T-antigen formation. All these preparations induced intranuclear T-antigen formation in 60-80% of the recipient cells 24 hr after the microinjection. V-antigen (capsid protein) synthesis was demonstrable neither in primary mouse kidney cells nor in Table 1 Fig. 4 represent the data from three experiments with three different cRNA preparations. After cRNA injection, T-antigen formation was tested every hour during the first 5 hr, then every 5 hr up to 60 hr and then once every day. The experiments lasted 160 hr. T-antigen formation was first detectable 4-5 hr after cRNA injection. At this time about 5% of the recipient cells exhibited rather weak intranuclear T-antigen-specific fluorescence. After this time both the number of T-antigen-positive cells and the amount of T-antigen per cell increased rapidly, reaching a maximum at about 24-26 hr. Thereafter, the proportion of SV40 T-antigen-positive cells and the intensity of the T-antigen-specific fluorescence slowly decreased so that the T-antigen was no longer detectable in the recipient cells at about 60 hr after cRNA injection. The cell density remained indistinguishable in injected and in the uninjected regions throughout the incubation period. Table 2 ) cells were pulse labeled with [3H]dThd (0.1 MiCi/ml) for 5 hr periods and for cumulative labeling from 0 to 25 hr after injection.
To correlate DNA synthesis with formation of T-antigen, fixed cells were stained with fluorescein-conjugated antibody against T-antigen and then processed for autoradiography. Three independent control experiments were performed and these involved injection of (a) injection buffer alone, (b) total cellular RNA from TC7 cells (1 mg/ml), and (c) polyadenylylated cytoplasmic RNA from TC7 cells (1 mg/ml).
The data summarized in Table 2 show that only SV40 cRNA induced DNA synthesis. Cumulative labeling experiments have shown that all cells induced for T-antigen synthesis were additionally induced for DNA synthesis at the first 25 hr following cRNA injection.
Pulse-labeling experiments with [3H]dThd have shown that the first significant increase in the proportion of DNA- (3) .
These results support the hypothesis that SV40-specific T-antigen is a virus-coded protein and that the early virusspecific mRNA contains information necessary for stimulation of cellular chromatin replication.
